Follicular lymphoma (FL) has been linked with cigarette smoking and, inconsistently, with other risk factors.
Follicular lymphoma (FL), the second most common form of lymphoma in the United States and western Europe, is a lymphoproliferative disorder of germinal center B cells (1) . The US age-adjusted incidence rate for FL during 1992-2001 was 3.18 per 100 000, with a 3.6-fold variation between the highest and lowest rates (in white males and American Indian/Alaska Native males, respectively) (2) and a 2.8-fold variation in rates among Asian Americans of different origins (3) . Age-adjusted FL rates are slightly higher in males than in females. Most patients present with indolent disease, although 2%-3% of FL cases transform annually to diffuse large B-cell lymphoma (4) .
Few epidemiologic studies published before 2004 evaluated risk factors separately for subtypes of non-Hodgkin lymphoma (NHL) based on the Revised European-American Lymphoma (REAL)/ World Health Organization (WHO) classification (5) (6) (7) (8) (9) (10) . Subsequently, an expanding literature has examined risk factors for the common NHL subtypes, although most of these studies have assessed specific or related categories of exposure but did not evaluate risks across a broad range of exposures. Cigarette smoking has repeatedly been associated with a higher risk of FL (11) (12) (13) , and some reports, including previous InterLymph pooled analyses, have linked excess risk of FL with Sjögren syndrome (14) , blood transfusions (15) , family history of hematopoietic malignancies (16, 17) , hair dyes (18, 19) , and greater height (20) . A few reports have linked occupational exposure to benzene, oils/greases, and other solvents such as styrene and trichloroethylene with increased risks of FL (9, (21) (22) (23) . Reduced risks of FL have been linked with atopic disorders (24) , oral contraceptive use (25) , alcohol consumption (26, 27) , and sun exposure (28) (29) (30) .
Statistical Analysis
Risk of FL associated with each exposure variable was evaluated using logistic regression models, adjusting for age, race/ethnicity, sex, and study in a basic adjusted model. The significance of each association was evaluated by a likelihood ratio test, comparing models with and without the exposure variable of interest, with P values less than 0.05 identifying putatively influential factors. To quantify the magnitude of the association, we estimated the relative risk using odds ratios (ORs) and 95% confidence intervals (CIs) derived from the logistic regression models. Individuals with missing data for a variable of interest were excluded. To evaluate effect heterogeneity among the studies, we performed a separate logistic regression within each study and then quantified the variability of the coefficients by the H statistic, adapting the definition by Higgins and Thompson to categorical variables (36) .
To consider possible effect modification, we repeated the above logistic regression analyses but stratified individuals by age, sex, race/ethnicity, region (ie, North America vs Europe vs Australia), study design (ie, population-based vs hospital-based), or other putative risk factors identified in the analysis. To assess confounding, we first evaluated the risk estimate for each putative risk factor in a series of models that adjusted for one other putative risk factor individually in addition to the basic adjusted model. Next, we conducted a single logistic regression model including all putative risk factors, this time including a separate missing category for each variable to ensure that the entire study population was included in the analysis. Finally, we conducted a forward step-wise logistic regression with all putative risk factors, adjusting for age, sex, race/ethnicity, and study. Results from this series of multivariate adjusted logistic regression models showed little difference from the findings based on the basic adjusted models (ie, adjusted for age, sex, race/ethnicity, and study). We therefore report the results for the basic adjusted models only.
Because controls for most original studies were frequency matched by age and sex to all cases, we conducted sensitivity analyses using a subset of controls individually matched by age and sex to the FL cases. The results were similar to those using the full set of controls and, thus, we retained all controls for the main analyses to increase statistical power.
Results
The median age was similar for FL cases at diagnosis (median: 58 years, range: 18-91 years) and controls at the time of interview (median: 59 years, range: 16-98 years). FL cases were more likely to be female, but FL cases and controls were similar by race/ethnicity (with >90% non-Hispanic whites) and socioeconomic status (Table 1) . Most cases and controls were from North America or northern Europe and from population-based studies.
Medical Conditions and Treatments
Overall, participants with a history of autoimmune diseases involving B-cell or T-cell activation were not at an increased risk of FL, except for those with Sjögren syndrome (Table 2) . History of any atopic condition (OR = 0.87; 95% CI = 0.80 to 0.94) or any specific allergies (ORs ranged from 0.82 to 0.88), but not eczema, was associated with a reduced risk of FL (Table 2) . Hay fever and food allergy were associated with significantly reduced FL risk in females but not males (P heterogeneity = .01 and .04, respectively; Table 3 ).
History of a blood transfusion was associated with a 22% lower risk of FL (Table 4) . Reductions in FL risk were most notable for those who received a transfusion after age 55 years and within 40 years before the diagnosis of FL/interview. Positive hepatitis C virus serology was not linked with FL risk (OR = 1.28; 95% CI = 0.64 to 2.57, based on 11 exposed cases and 34 exposed controls). Neither use of oral contraceptives nor use of hormonal replacement therapy was linked with FL risk (data not shown).
Family History of Hematopoietic Malignancies
Participants with a first-degree relative with a history of NHL experienced approximately a twofold greater risk of FL than participants without such a history (Table 5) , and risks were elevated in both male and female participants except females with affected male relatives (Table 3) . Male and female participants with firstdegree male, but not female, relatives with multiple myeloma had an increased risk of FL (Table 5) . FL was not increased in participants with first-degree relatives with leukemia or Hodgkin lymphoma (Table 5) . Table 6 ). No significant relationship was observed for usual adult BMI or weight. Greater adult height in males, but not females, was associated with increased risk of FL (data not shown).
History of cigarette smoking was positively associated with FL risk in females but not males (P heterogeneity = .004; Table 3 ). Among women, a modest increase in risk of FL in those who ever smoked cigarettes was limited to current smokers, along with a significant positive trend for duration of smoking (data not shown). The trend in pack-years of smoking in women was more clearly related to duration than frequency of cigarettes smoked (data not shown). FL risks were reduced modestly in women, but not men, who ever drank alcohol, particularly current drinkers (Table 3) , but there was no clear pattern with duration, number of drinks per week, or cumulative alcohol consumption (data not shown); we note, however, that many studies did not collect these data.
A lower risk of FL was associated with increasing number of hours per week of recreational sun exposure for both men and women (Table 3 ) but was attenuated for total sun exposure hours (Table 6 ). FL risk, examined in females only, was not linked with hair dye use overall or by type, duration, or frequency (data not shown), except for a modest increase in those who used hair dyes before 1980 (OR = 1.40, 95% CI = 1.10 to 1.78).
Occupational Factors
Working or living on a farm was not associated with risk of FL ( Table 7) . Bakers and millers, and those working as university or higher education teachers, experienced reduced risks, whereas spray painters had increased risks of FL. A modest, nonsignificant increase in risk of FL was seen for those ever working as medical doctors, but those working more than 10 years in this occupation had a significantly elevated risk (OR = 2.06, 95% CI = 1.08 to 3.92, based on 38 cases vs 13 controls). Employment in other occupations was not associated with risk of FL ( 
Discussion
In the largest pooled analysis of case-control studies focused on FL and the first to assess a broad range of exposures simultaneously, most risk factors examined were not associated with risk of FL specifically, except for a few mostly modest or sex-specific relationships. We found novel associations with FL risk for certain occupations, including reduced risk in bakers/millers, and university/higher education teachers, and increased risk in spray painters. With our larger number of studies and strong evidence for independence in multivariate models, this analysis extends earlier InterLymph observations of an increased risk of FL for those with Sjögren syndrome (37), a first-degree relative with a history of NHL (17), and reduced risks among those with allergic diseases (24) and greater recreational hours spent per week in the sun (30) . Increased FL risks among current cigarette smokers, in conjunction with a positive trend with duration of smoking, were restricted to women, as were the significantly reduced risks of FL in those with a history of hay fever or food allergy. We also found a reduced risk of FL with a history of blood transfusion.
Although meta-analyses of all NHL (5,38,39) found a modest up to 10% increase in risk among those who had worked in farming, few studies have evaluated occupational risks for FL specifically. A pooled analysis of studies in Kansas and Nebraska found increases in FL risk in association with employment in agriculture or farming that were not statistically significant (40) . Two studies with stratification of cases by chromosomal translocation in t (14;18) found associations with certain agricultural pesticides (but not farming per se) for
t(14;18)-positive NHL, but not for t(14;18)-negative cases (41,42). Although t(14;18)
is not specific to FL, this molecular feature occurs in 70%-90% of FL cases compared with 20%-30% of diffuse large B-cell lymphoma cases and 5%-10% of other NHL subtypes (31) . It is possible that FL may be associated with specific exposures in farming, such as poultry (43), which were not characterized in our assessment of farming as an occupation. Unfortunately, molecular characterization according to t(14;18) status was not available for the majority of the FL cases in this pooled study. Our finding of an increased risk of FL in spray painters is consistent with previous reports finding that NHL risk is elevated among those working in the occupation of painter and those working with solvents used in paint product formulations (44, 45) . The decreased risk of FL in university/higher education teachers is not consistent with the results from a meta-analysis showing increased risk among teachers (38) , but the meta-analysis included teachers at all levels, whereas our finding was restricted to university/higher education teachers. The meta-analysis did not provide separate estimates of risk for university/higher education teachers. This, and our findings for medical doctors and for bakers/millers, should be further investigated in occupational epidemiologic studies to evaluate specific exposures.
Reasons for the female-specific modest increase in FL risk associated with cigarette smoking are not clear, but these results are consistent with those of a recent meta-analysis of 24 studies which reported a 43% increased risk of FL in female smokers compared with nonsmokers, but no association of smoking status, duration, * CI = confidence interval; OR = odds ratio. † The counts do not add up to the total # of cases/controls due to data missing by design or report. ‡ OR (95% CI) adjusted for age, sex, race/ethnicity, and study. § Atopic disorders include asthma, eczema, hay fever, or other allergies, excluding drug allergies.
∥ History of allergy excludes drug allergies, asthma, eczema, and hay fever. Table 3 . Sex-specific medical, lifestyle, family history, and occupational exposures and follicular lymphoma* --* BMI = body mass index; CI = confidence interval; NHL = non-Hodgkin lymphoma; OR = odds ratio. † The counts do not add up to the total # of cases/controls due to data missing by design or report. ‡ OR (95% CI) adjusted for age, sex, race/ethnicity, and study. § Atopic disorders include asthma, eczema, hay fever, or other allergies, excluding drug allergies. || History of allergy excludes drug allergies, asthma, eczema, and hay fever. ¶ Smoked longer than 6 months or more than 100 cigarettes in lifetime. or intensity in males (46) . Findings from cohort studies (11,27,47) also provide some support for this association. An association of cigarette smoking with FL is biologically plausible in that increased rates of t(14;18) translocations have been observed in heavy smokers (48) . The current analysis, with more than twice as many studies and threefold more FL cases than our earlier InterLymph consortium analysis (13) , provides more precise estimates of FL risk (20% increase in our analysis of "current" smokers vs 31% in our earlier assessment), and identified a similar significant relationship with increasing duration of smoking, establishing that this association is not likely to be confounded by alcohol, BMI, or a variety of other risk factors evaluated here. Our finding of an excess risk of FL associated with Sjögren's syndrome is consistent with our earlier InterLymph pooled analysis (12 studies, 12 982 NHL cases (14) ) in which Sjögren's syndrome was the only autoimmune disease associated with FL.
We found reductions in risk of FL in relation to history of allergic conditions except for eczema. These findings are consistent with our earlier pooled analysis (2842 FL) (24) . However, this first sex-specific assessment revealed that the significant reductions in risks for any allergy, hay fever, and food allergy were restricted to females. Our findings of increased risks for atopic disorders and hay fever in Asian participants require further evaluation.
Our results also mirror those from our previous pooled InterLymph analysis (1703 FL) (17) that found a twofold increased FL risk among participants with a first-degree relative with a history of NHL, with risks elevated in both male and female participants, except females with affected male relatives (17) . Our data also support findings from other studies of a stronger familial association of NHL risk in male relatives, which is consistent for FL and other lymphoma subtypes (49) (50) (51) .
The present study reveals a reduced risk of FL only in current drinkers who were female, but not related to the frequency or duration of their alcohol consumption. In our earlier InterLymph pooled evaluation based on nine studies (1307 FL) (26), we observed a reduced risk of FL associated with alcohol consumption, particularly in current drinkers, but with no evidence of dose-response relationships with frequency or duration of alcohol use. Prospective studies have shown mixed results with moderate (52-56) and heavy (27) alcohol intake associated with reductions in FL risk ranging from 23% to 41% in some studies, but not in others (57-59). One cohort study found an elevated risk of FL among women who were former alcohol drinkers (60) . It has been postulated that these findings may be due to effects of alcohol in modulating immune function (61) but because immune deficiency has not been shown to be important for FL risk, chronic inflammation may be a potential biologic mechanism, although alcohol has many other biologic effects. An alternative explanation is that the association is not causal but may reflect differences in other characteristics between alcohol drinkers and nondrinkers.
In our previous InterLymph evaluation of sun exposure (1642 FL) (30), we found a downward trend in risk with increasing total recreational sun exposure, particularly for exposures at 18-40 years of age and in the 10 years before diagnosis for all B-cell lymphomas and for FL, but no association with occupational sun exposure. This inverse association may be due partly to effects on the immune function from sun exposure (62) , vitamin D production (63), or chance. A cohort study examining ambient residential ultraviolet radiation among California teachers showed null findings for FL (28) . To our knowledge, the current study is the first to find that persons with a history of blood transfusion experienced a modestly reduced risk of FL. Blood transfusion (which suppresses cellular immunity, includes transfer of allogeneic cells, and may transmit infectious and chemical agents) has been associated with increased risk of all NHL in some (15, (64) (65) (66) , but not all studies (67) (68) (69) (70) (71) (72) .
Limited data on the role of transfusions in FL suggest no risk (73) (74) (75) (76) or a modest increase in risk (8, 15) . Cerhan and colleagues (15) have suggested that transfusions may be a marker for underlying medical conditions rather than directly associated with NHL or its subtypes.
The association of overweight and obesity in early adulthood with FL risk is strengthened by the significant positive doseresponse trend of early adult BMI with FL risk. However, most cohort studies (7, 56, 58, (77) (78) (79) (80) (81) (82) , with one exception (83), found no relationship of early adult weight or BMI with FL, although many * CI = confidence interval; HL = Hodgkin lymphoma; NHL = non-Hodgkin lymphoma; OR = odds ratio. † The counts do not add up to the total # of cases/controls due to data missing by design or report. ‡ OR (95% CI) adjusted for age, sex, race/ethnicity, and study. * BMI = body mass index; CI = confidence interval; OR = odds ratio. † The counts do not add up to the total # of cases/controls due to data missing by design or report. ‡ OR (95% CI) adjusted for age, sex, race/ethnicity, and study. § Smoked longer than 6 months or more than 100 cigarettes in lifetime. of these studies included relatively small numbers of FL cases. Our finding of a relationship between greater adult height in males, but not females, in relation to FL is likely a chance finding since most cohort studies (56, 58, (78) (79) (80) (81) (82) reported no relationship of height in men or women with FL except for three (20, 77, 83) that found a positive relationship in women. This pooled analysis is the first and largest multivariate assessment of a broad range of putative risk factors for FL. Other strengths include assessment of effect modification (particularly gender) and confounding. The systematic nature of the subtype evaluation using the WHO classification, exposure assessment by standardized questionnaires, population-based design for most of the studies, along with careful efforts to harmonize the variables included in the pooled analyses, represent additional strengths. Limitations include the self-reported nature of the data collected, the difficulty of using retrospectively collected information, reliance on job titles instead of specific occupational exposures, the limited types of exposures evaluated, and lack of comprehensive assessment of many of the individual putative risk factors, multiple comparisons, and absence of assessment of some variables for all studies. Sex-specific associations could be due to chance or unexplained bias, although it is possible that such associations may reflect genetic variation, hormonal exposure, or occupational exposures. Other limitations include lack of independent evaluation of exposures and the potential for recall bias. Some findings (eg, female-specific associations with alcohol consumption, the inverse association with history of blood transfusions or the relationship with BMI in early adulthood) may be due to chance.
In conclusion, the majority of the factors evaluated were not associated with risk of FL. As noted above, associations with blood transfusion and BMI in early adulthood are inconsistent with prior studies. The sex-specific findings for cigarette smoking and allergic disorders, as well as the associations with some occupations, deserve further evaluation. Although this study does not identify risk factors that explain much of FL occurrence, the few relationships observed do provide clues suggesting a complex multifactorial etiology.
